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Abstract
Background: Japanese (both in Japan and Hawaii) have a lower incidence of falls and of hip fracture
than North American and European Caucasians, but the reasons for these differences are not clear.
Subjects and Methods: A cross-sectional study. We compared neuromuscular risk factors for
falls using performance-based measures (chair stand time, usual and rapid walking speed, and grip
strength) among 163 Japanese women in Japan, 681 Japanese-American women in Hawaii and 9403
Caucasian women in the United States aged 65 years and over.
Results: After adjusting for age, the Caucasian women required about 40% more time to complete
5 chair stands than either group of Japanese. Walking speed was about 10% slower among
Caucasians than native Japanese, whereas Japanese-American women in Hawaii walked about 11%
faster than native Japanese. Grip strength was greatest in Japan, which may reflect the rural farming
district that this sample was drawn from. Additional adjustment for height, weight or body mass
index increased the adjusted means of chair stand time and grip strength among Japanese, but the
differences remained significant.
Conclusions: Both native Japanese and Japanese-American women in Hawaii performed better
than Caucasians on chair stand time and walking speed tests, and native Japanese had greater grip
strength than Japanese in Hawaii and Caucasians. The biological implications of these differences in
performance are uncertain, but may be useful in planning future comparisons between populations.
Background
Hip fractures result in increased health care utilization,
suffering, and functional disability, and are one of the
most serious fractures among elderly people [1]. Japa-
nese (both in Japan and Hawaii) have a lower incidence
of hip and other nonspine fractures than Caucasians in
Published: 22 October 2001
BMC Geriatrics 2001, 1:3
Received: 9 August 2001
Accepted: 22 October 2001
This article is available from: http://www.biomedcentral.com/1471-2318/1/3
© 2001 Aoyagi et al; licensee BioMed Central Ltd. Verbatim copying and redistribution of this article are permitted in any medium for any non-com-
mercial purpose, provided this notice is preserved along with the article's original URL. For commercial use, contact info@biomedcentral.comBMC Geriatrics 2001, 1:3 http://www.biomedcentral.com/1471-2318/1/3
North America or northern Europe [2–4]. This lower
fracture rate among Japanese is not explained by greater
bone mass [5–9].
The lower fracture rates might have resulted from a low-
er prevalence of risk factors for fractures among Japa-
nese. Hip fractures usually occur after a fall, but there are
multiple risk factors for hip fracture, including bone
mass and fall-related factors [10,11]. We reported earlier
that the incidence and prevalence of falls among Japa-
nese (both in Japan and Hawaii) is approximately half
that of Caucasians in North America and Britain [12,13],
but the reason for these differences are not clear.
Risk factors for falls, such as dementia, visual impair-
ment, stroke, previous falls, medications and environ-
mental hazards have been reported in previous studies
[14–20]. Most of these risk factors indicate difficulty
with neurologic and musculoskeletal functions that con-
tribute to physical stability [16]. Previous studies showed
that performance-based measures of physical function
are strongly associated with risk of falling among the eld-
erly, including studies of two of the populations reported
here [16,18,21]. We recently reported that Japanese
women performed better than Caucasian women on
some neuromuscular tests, but Caucasians performed
better on others, and that the differences in performance
did not explain the observed differences in rates of falls
[22]. Nevertheless, some of the observed differences in
performance may be associated with lower risk of hip
fracture independent of falling, if they influence protec-
tive responses in the event of a fall. The purpose of the
current study was to compare performance-based meas-
ures (chair stand time, usual and rapid walking speed,
and grip strength) among native Japanese, Japanese-
Americans in Hawaii and Caucasian women in United
States aged 65 years and over, to explore whether there
are any obvious differences in physical performance, be-
cause there are few studies comparing neuromuscular
function between races [22]. Hypotheses generated from
the current study may be useful in planning future stud-
ies to explore whether differences in performance-based
characteristics might be responsible for differences in
fracture risk between populations.
Subjects and Methods
Study sample
The sample of native Japanese women were participants
of the Mitsugi Bone and Joint Study (MBJS), conducted
between 1994 and 1995 on community-dwelling people
in a rural farming area (Mitsugi town, Hiroshima prefec-
ture, Japan). People aged 40 and over were invited by the
local government to participate in the general health ex-
aminations (annual examinations mandated by the Jap-
anese Health and Medical Services Law for the Elderly).
The MBJS was incorporated into the examinations being
conducted in Mitsugi Public General Hospital. A total of
384 women participated in the MBJS. Published details
are available concerning the MBJS [23].
The sample of Japanese-Americans living in Hawaii
were women who participated in the Hawaii Osteoporo-
sis Study (HOS) Examination 8, conducted between
1992 and 1994. Most HOS participants live in the city of
Honolulu or its suburbs. Details concerning recruitment
and examination of the HOS subjects have been de-
scribed elsewhere [24,25]. Briefly, male subjects of the
HOS were recruited from the Honolulu Heart Program
(HHP), which is a prospective cohort study of coronary
heart disease and stroke among men of Japanese ances-
try born between 1900–1911 and living on the island of
Oahu, Hawaii in 1965. Using the World War II Selective
Service Roster, 11,148 eligible men were identified, and a
total of 8,006 men participated in the first HHP exami-
nation during 1965–1968. In 1980, a 30% random sam-
ple of the men attending the third HHP examination,
and their wives, if also of Japanese ancestry, were invited
to participate in the HOS. A total of 1,379 men and 1,105
wives participated in the first HOS examination during
1981–1982. Subsequent examinations have been con-
ducted at intervals of one to three years. The 726 wives
aged 55 years and over were the focus of the eighth HOS
examination.
The sample of Caucasians were women who participated
in the Study of Osteoporotic Fractures (SOF), conducted
between 1986 and 1988. From 1986 to 1988, women who
able to walk and who were at least 65 years of age in Port-
land, Oregon; Minneapolis, Minnesota; Baltimore, Mar-
yland; and the Monongahela Valley, Pennsylvania, were
invited to participate through mailings to women on lists
such as voter-registration lists [26]. The SOF group con-
sisted of 9516 Caucasian women who had neither under-
gone bilateral hip replacement nor had an earlier hip
fracture.
Analyses were limited to the 163 native Japanese, 681
Japanese-American and 9403 Caucasian women aged 65
years and over for whom measurements were available,
to provide a comparable age range for three populations.
All subjects gave written informed consent.
Measures
Height and weight were measured with the subjects in
light clothing and without shoes. Body mass index (BMI)
was calculated as weight(kg)/height(m)2.
Chair stand time was measured as the time to stand up
from a standard chair five times; the subjects were asked,
if possible, to not use their arms for assistance [27]. Re-BMC Geriatrics 2001, 1:3 http://www.biomedcentral.com/1471-2318/1/3
sults were calculated as the average of two trials. Walking
speed was calculated from the time required for subjects
to walk a 6 meter course at their usual pace (usual walk-
ing speed), and at a rapid but safe pace (rapid walking
speed). Usual walking speed was calculated as the aver-
age of two trials. Rapid walking speed was recorded as
one trial. Grip strength of the dominant hand was meas-
ured using an hydraulic dynamometer (Jamar Hydraulic
Hand Dynamometer Model J00105, Lafayette Instru-
ment Company, Inc., IN, USA). Grip strength was calcu-
lated as the average of two trials.
Statistical analysis
Statistical analyses were performed using SAS version
6.12 software (SAS Institute, Cary, NC, USA). Compari-
sons among native Japanese, Japanese-American and
Caucasian women were performed using general linear
modeling methods. Analysis of variance was used to
compare the characteristics of the subjects and unadjust-
ed means of performance-based measures. Analysis of
covariance was used to compare the adjusted means of
performance-based measures.
Results
Characteristics of native Japanese, Japanese-Americans
in Hawaii and Caucasian women on the United States
mainland are shown in Table 1. The mean age of Japa-
nese-American women was the oldest, 4 years older than
native Japanese and 3 years older than Caucasian wom-
en (p < 0.05). Caucasian women had significantly greater
body size (height, weight) and BMI than both Japanese
groups. Japanese-American women had greater height
and weight than native Japanese, but differences in BMI
were not significant.
In each population, physical performance decreased
with age; grip strength and walking speed (both usual
and rapid) decreased, and chair stand time increased
(Table 2). The extent of change with age (age 80+ vs 65–
69 years) differed somewhat among the three popula-
tions for the chair stand test. The Caucasian women ex-
hibited a larger age-related increase in time required to
complete the chair stand test (37%), compared to the two
Japanese groups (19–21%). Age-related declines in usual
and rapid walking speed and grip strength were fairly
consistent for all three groups of women (16–26%).
These differences should be interpreted with caution, as
there were very few Japanese women in the oldest age
groups.
The age-adjusted means of performance-based meas-
ures differed among populations (Table 3). Both native
Japanese and Japanese-American women in Hawaii per-
formed better than Caucasians on the chair stand and
walking examinations. The Caucasian women required
about 40% more time to complete 5 chair stands than ei-
ther group of Japanese. The chair stand performance of
native Japanese was similar to that of Japanese-Ameri-
can women. Usual walking speed was about 10% slower
among Caucasians than native Japanese, whereas Japa-
nese-Americans in Hawaii walked about 11% faster than
the native Japanese. Rapid walking speed was about 13%
slower among native Japanese, and 17% slower among
Caucasians than Japanese-Americans. No significant
difference of rapid walking speed between native Japa-
nese and Caucasians was found.
Grip strength was greatest in Japan, followed by Cauca-
sians, Japanese-Americans in Hawaii. Grip strength was
about 10% stronger among native Japanese than Cauca-
Table 1: Characteristics of native Japanese, Japanese-Americans and Caucasian women.
Native Japanese Japanese-Americans Caucasians
N = 163 N = 681 N = 9403
Characteristics Mean SD Mean SD Mean SD
Age [range] (years) 70.6 [65–85] 4.9 74.6a [65–92] 4.6 71.6a,b [65–99] 5.3
Height (cm) 147.9 5.2 150.2a 6.1 159.2a,b 6.0
Weight (kg) 49.5 6.7 52.9a 9.3 66.4a,b 12.5
Body mass 22.6 2.7 23.5 4.4 26.2a,b 4.6
index (kg/m2)
a; p < 0.05 compared to native Japanese. b; p < 0.05 compared to Japanese-Americans.BMC Geriatrics 2001, 1:3 http://www.biomedcentral.com/1471-2318/1/3
sians, whereas it was about 7% weaker among Japanese-
Americans than Caucasians. Additional adjustment for
body size (height, weight and BMI) increased adjusted
means of chair stand time and grip strength among ei-
ther group of Japanese, whose body size was smaller
compared with Caucasians, but had little or no effect on
the statistical significance, and the general relationships
described above remained relatively unchanged.
Discussion
Since there have been few comparative studies of neu-
romuscular function between races [22], we compared
performance-based measures among native Japanese,
Japanese-American in Hawaii and Caucasian women in
United States aged 65 and over after careful standardiza-
tion. Both native Japanese and Japanese-American
women in Hawaii had better performance than Cauca-
sians on the chair stand and walking speed tests. De-
creased performance on the chair stand test is associated
Table 2: Chair stand time, usual walking speed, rapid walking speed and grip strength by age group among native Japanese, Japanese-
American and Caucasian women.
Native Japanese Japanese-Americans Caucasians
Age group No. Mean 95%CI No. Mean 95%CI No. Mean 95%CI
Chair stand time (sec)
65–69 82 8.0 7.2–8.8 110 8.2 7.4–9.1 4028 11.4 11.2–11.7
70–74 50 8.7 7.7–9.8 264 8.5 8.0–9.1 2933 12.4 12.1–12.7
75–79 19 9.5 7.7–11.2 210 9.0 8.4–9.6 1475 13.2 12.8–13.6
>80 12 9.5 7.5–11.6 66 9.9 8.9–10.9 906 15.6 15.2–16.1
%difference* 18.8 20.7 36.8
Usual walking speed (m/sec)
65–69 82 1.08 1.02–1.15 113 1.18 1.11–1.25 3535 0.97 0.95–0.98
70–74 50 0.99 0.90–1.07 273 1.12 1.08–1.16 2557 0.90 0.88–0.91
75–79 19 0.89 0.75–1.03 218 1.01 0.96–1.06 1258 0.83 0.81–0.85
>80 12 0.86 0.70–1.02 76 0.87 0.80–0.95 690 0.74 0.71–0.76
%difference* 20.4 26.3 23.7
Rapid walking speed (m/sec)
65–69 82 1.41 1.32–1.50 113 1.55 1.46–1.64 3535 1.36 1.35–1.38
70–74 50 1.27 1.16–1.39 273 1.50 1.44–1.56 2556 1.28 1.26–1.30
75–79 19 1.13 0.95–1.32 218 1.38 1.31–1.44 1258 1.20 1.17–1.22
>80 11 1.19 0.96–1.42 74 1.19 1.09–1.30 690 1.07 1.03–1.10
%difference* 15.6 23.2 21.3
Grip strength (kg)
65–69 82 25.4 23.7–27.1 112 21.6 20.4–22.8 4034 22.9 22.6–23.1
70–74 50 23.1 20.9–25.3 274 19.9 19.1–20.7 2955 21.6 21.3–21.9
75–79 19 23.6 20.0–27.2 219 18.5 17.6–19.4 1485 20.5 20.2–20.9
>80 12 20.7 16.5–24.8 76 16.3 14.9–17.7 929 18.6 18.2–19.1
%difference* 18.5 24.5 18.8
* %difference with age (age 80+ vs 65–69)BMC Geriatrics 2001, 1:3 http://www.biomedcentral.com/1471-2318/1/3
with an increased risk of falls [18] and hip fracture [10].
Slower gait speed was also an independent fall-related
predictor of hip fracture [11]. Thus, better neuromuscu-
lar function in old age may partly explain why the rates
of falls and hip fractures among Japanese are lower than
those among North American Caucasians. Although grip
strength is also reported to be associated with risk of falls
and hip fractures [11,17], the difference did not consist-
ently favor Japanese over Caucasians.
Life-long squatting behaviors, a component of tradition-
al Japanese lifestyle, may have had a long-term effect on
preventing falls and hip fractures [28–30]. Since Japa-
nese elderly spent most of their lives using tatami mats
and futon bedding, and Eastern-style toilets (all of which
are within inches of ground level and require squatting),
they may have developed a better sense of balance and
lower extremity strength by sitting, squatting, and rising
to stand from floor level. An international cross-cultural
study among residents of Japanese and American nurs-
ing homes demonstrated maintenance of quadriceps
Table 3: Comparison of adjusted means in chair stand time, usual walking speed, rapid walking speed and grip strength among native 
Japanese, Japanese-Americans and Caucasians.
Native Japanese Japanese-Americans Caucasians
No. Mean SE No. Mean SE No. Mean SE
Chair stand time (sec)
Unadjusted 163 8.5 0.35 650 8.8 0.18 9342 12.4 a,b 0.05
Age 163 8.8 0.34 650 8.1 0.17 9342 12.5 a,b 0.04
Age, height, weight 163 9.9 0.32 637 9.0a 0.17 7969 12.1 a,b 0.05
Age, BMI 163 9.1 0.32 637 8.5 0.16 7969 12.2 a,b 0.05
Usual walking speed (m/sec)
Unadjusted 163 1.01 0.02 680 1.07a 0.01 8040 0.90 a,b 0.002
Age 163 1.00 0.02 680 1.11a 0.01 8040 0.90 a,b 0.002
Age, height, weight 163 1.01 0.02 666 1.12a 0.01 7992 0.90 a,b 0.002
Age, BMI 163 0.97 0.02 666 1.09a 0.01 7992 0.90 a,b 0.002
Rapid walking speed (m/sec)
Unadjusted 162 1.32 0.02 678 1.43a 0.01 8039 1.28b 0.003
Age 162 1.30 0.02 678 1.49a 0.01 8039 1.28 b 0.003
Age, height, weight 162 1.30 0.02 664 1.49a 0.01 7991 1.28 b 0.003
Age, BMI 162 1.25 0.02 664 1.46a 0.01 7991 1.28b 0.003
Grip strength (kg)
Unadjusted 163 24.1 0.36 681 19.3a 0.18 9403 21.7a,b 0.05
Age 163 23.8 0.34 681 20.1 a 0.17 9403 21.6a,b 0.05
Age, height, weight 163 26.3 0.34 666 21.8a 0.18 8005 21.5a 0.05
Age, BMI 163 24.2 0.34 666 20.3a 0.17 8005 21.7a,b 0.05
a; p < 0.05 compared to native Japanese. b; p < 0.05 compared to Japanese-Americans.BMC Geriatrics 2001, 1:3 http://www.biomedcentral.com/1471-2318/1/3
strength and fewer falls among Japanese [29]. A recent
case-control study of risk factors for hip fractures in Jap-
anese elderly revealed a lower risk among those sleeping
in futon bedding than in Western-style beds [30]. These
daily activities of the traditional Japanese lifestyle may
in part contribute to better performance among native
Japanese, which could help in preventing falls and hip
fractures.
Grip strength was greatest in Japan, which may reflect
aspects of physical activity in the rural farming district
that this sample was drawn from, but information on
physical activity was not available to explore this hypoth-
esis. Many older people in rural Japan grow rice and veg-
etables using both manual labor and machinery. In
contrast, the Japanese-Americans and Caucasians were
drawn from urban/suburban settings.
Performance on all tests (chair stand time, walking speed
and grip strength) decreased with age within each of the
three populations, which is consistent with previous
studies [27,31,32]. Age-related poor performance may
have two distinct roles in the occurrence of hip fractures:
it may not only increase the risk of falling but also influ-
ence an individual's speed, coordination, and protective
responses during a fall [11,33]. Tests of neuromuscular
performance may be useful in primary care and clinical
practice because they are simple, recreate situations in
which falls are likely to occur, and provide a dynamic, in-
tegrated assessment of physical capacity [34].
Some performance-based measures may depend on
body size [27,32,35]. In the current study, Caucasian
women had the greatest body size (height, weight and
BMI), followed by Japanese-Americans in Hawaii, and
then native Japanese women. Additional adjustment for
body size increased adjusted means of chair stand time
and grip strength among Japanese, which indicates that
greater body size is associated with poorer chair stand
performance, but with stronger grip strength.
Both neuromuscular impairments and femoral neck
bone mass are independent predictors of the risk of hip
fracture in elderly women, and their combined assess-
ment improves the prediction of hip fractures [10,11].
Thus, intervention programs to prevent hip fractures
may be most effective if they target both fall-related fac-
tors and maintenance of bone mass. Effective programs
for improving neuromuscular function, such as exercise
and strength training may reduce the risk of falling
[18,36] and improve the effectiveness of protective re-
sponses during a fall [33], which may reduce the risk of
hip fracture. This may be especially relevant among eld-
erly women whose bone density is already considerably
below the fracture threshold [33,37].
Geometric characteristics of the femur as well as falls
may be important for hip fracture risk [38,39]. Japanese
have shorter hip axis lengths than Caucasians, which
may be related to the smaller body size of Japanese, and
may partly explain the lower hip fracture risk among
Japanese compared to Caucasians in the US [38,39].
However, the incidence of hip fracture among Japanese
was similar to that among Caucasians in Hawaii, sug-
gesting that factors other than hip axis length are impor-
tant [40]. Measurements of hip axis length in native
Japanese were not available for analysis in the current
study.
This study had several limitations. The participants were
community-dwelling women over the age of 65, so these
findings may not be generalizable to men, younger wom-
en, or nursing home residents. Backgrounds of partici-
pants were different; native Japanese were drawn from a
rural area, but Japanese-American and Caucasian wom-
en were from urban/suburban settings. Thus, the differ-
ences of performance-based measures among
populations may be in part influenced by current or past
differences in physical activity (including occupation), or
other factors. Finally, we did not have data from more
detailed neurologic or musculoskeletal examinations, or
other risk factors for falls and fractures, such as demen-
tia, visual impairment, stroke, previous falls, medica-
tions and environmental hazards, calcium intake,
physical activity, previous fractures and family history of
fractures, any of which may be associated with hip frac-
ture risk [14–20,41].
In summary, performance on chair stand and walking
tests of both native Japanese and Japanese-American
women in Hawaii were better than Caucasians. These
differences indicate better neuromuscular function in
older Japanese that may confer advantages in balance
and lower extremity strength. However, whereas the na-
tive Japanese had the greatest grip strength, on average,
the Japanese in Hawaii had lower grip strength than
Caucasians. The biologic significance of these observa-
tions are uncertain, but may partly explain the lower in-
cidence of falls and hip fractures among Japanese
compared to Caucasians. Other factors, such as differ-
ences in health, disease, medication use, risk taking, or
social supports, may also contribute to the observed dif-
ferences in the rates of falls and hip fractures [22]. Fur-
ther study is needed to control potential confounders to
determine if neuromuscular risk factors for falls are in-
dependent risk factors for hip fracture.
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